The hormonal milieu can alter susceptibility to infection. The effect of hormones on Trichomonas vaginalis was studied utilizing axenically cultured clinical isolates. Oestrogens, in physiological concentrations, decreased the growth of the organisms and their attachment to mammalian cells in vitro, and acted as a chemorepellent. The specificity of these effects was verified by their being blocked with anti-oestrogens, by the dose-and time-dependency of the responses, and by the lack of effect with other hormones. These results suggest that oestrogens may decrease the virulence of T. vaginalis; however, interactions between oestrogens and mammalian cells may promote the development of infection. Thus complicated interactions between hormones, micro-organisms and mammalian cells must determine whether exposure to oestrogens predisposes to or prevents the development of infection.
INTRODUCTION
The hormonal milieu may alter host susceptibility to numerous bacterial infections (Botta, 1979; Forslin et al., 1979; Sugarman & Agbor, 1986) . Oestrogens and corticosteroids have been studied most intensively in this regard. Previously identified mechanisms by which hormones can alter the susceptibility to infection include hormone-mediated alterations in the immune response of the host, alterations in other host defence factors such as the production of cervical mucus in the genitourinary tract, and alterations of host cell morphology (Kita et al., 1985; Pung et al., 1984 Pung et al., , 1985 . Recent studies have suggested that the binding of micro-organisms to mammalian receptor cells may also be modified by hormones, especially oestrogens (Botta, 1979; Forslin et al., 1979; Sugarman & Epps, 1982) . Still other, undefined, mechanisms may be necessary to explain altered susceptibility to infection, or outcome after infection, related to the presence of oestrogens (Sugarman & Agbor, 1986) . The presence of hormone-binding proteins in numerous micro-organisms lends support to the hypothesis that hormones may directly alter the virulence of micro-organisms (Loose & Feldman, 1982; Powell et al., 1983; Schar et al., 1986; Stover et al., 1986; Weiss et al., 1983) , including protozoa (Arnold et al., 1969; Csaba et al., 1978 Csaba et al., , 1985 Hamana & Iwai, 1971) . Studies with Trichomonas vaginalis, a frequent genitourinary tract pathogen of women, suggest that infections with this flagellate protozoon are more common after exposure of female mammals to oestrogens (Azuma, 1968; Cappuccinelli et al., 1974; ElBoulaqi et al., 1984) . Here we report a systematic study on the effect of oestrogens on the growth, adherence and chemotaxis of T. vaginalis. We used axenic T. vaginalis isolates and cultured mammalian cells not known to respond to oestrogens in order to avoid any oestrogenic (secondary) effects on the host.
METHODS
Trichomonas vaginalis isolates. These were cultured from women who were positive for T. vaginalis when saline wet mounts were examined by light microscopy. Sterile cotton swabs were used to inoculate vaginal secretions into 8 x 100 mm borosilicate' glass screw-capped tubes containing 6 ml Diamond's DL8 defined medium supplemented with 8% (v/v) human serum, 40 pg gentamicin ml-l and 2-5 pg Amphotericin B ml-l (Diamond, 1983; Linstead, 1981) . Cultures were maintained in DL8 with 4% (v/v) heat-inactivated equine serum at 36 "C and were subcultured every 3-4 d.
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Hormones. Hormones (from Sigma) and the anti-oestrogen tamoxifen citrate (graciously provided by Stuart Pharmaceuticals, Wilmington, DE, USA) were dissolved in pH 7-3 phosphate-buffered saline (PBS: 0 1 5 Msodium chloride, 015 M-sodium phosphate). Oestrogens, tamoxifen, progesterone and testosterone were initially dissolved in 100% ethanol, then PBS, with final ethanol dilutions less than 01 % (v/v). Hormones were frozen at -70 °C until utilized. Baseline T. vaginalis media contained less than 0· 1 % of the hormone concentrations as listed in Table 1 . Concentrations of hormones used in Table 1 are approximately ten times the maximum normal human non-pregnant serum concentrations.
Growth assay. Stock cultures of T. vaginalis were centrifuged at 250 # for 5 min and resuspended in 1-0 ml warmed DL8 medium. After vortexing, 01 ml was added to each tube containing 6 ml of DL8 with the specified concentrations of hormones. The tubes were incubated at 36 °C for up to 3 d. They were then centrifuged, the supernatant was removed, and the trichomonads were resuspended in 10 ml warmed PBS before counting with a haemocytometer.
Radiolabelling. Exponential-phase T. vaginalis isolates were radiolabelled with [ 3 H]thymidine [5 μ θ (185 kBq) ml -1 ; specific activity 78-3 Ci mmol -1 (2-9 TBq mmol" 1 ), New England Nuclear] for 18 h at 36 °C (Alderete & Garza, 1985) . Organisms were washed three times by centrifugation in PBS before use in further assays.
Adherence assay. Mammalian cells were cultured in 24-well (16 mm diameter) Costar culture plates in an atmosphere of air/C0 2 (95 :5, v/v) at 37 °C. McCoy cells were grown in pH 7-2 Eagle's minimum essential medium with Earle's salts (Gibco) plus 10% (v/v) foetal bovine serum (Hyclone), glutamine and antibiotics. HeLa cells (Flow Laboratories, were grown in pH 7-2 McCoy modified 5A medium (Gibco) with 10% (v/v) foetal bovine serum (Hyclone), glutamine and antibiotics. After removal of medium from confluent cell monolayers (containing 2-5 x 10 5 cells per well), 2 x 10 6 radiolabelled T. vaginalis (washed three times by centrifugation in PBS and exposed to hormones for various times) in 1Ό ml medium consisting of two parts cell culture medium and one part T. vaginalis medium were added to cell monolayers and maintained at 37 °C with 5% C 0 2 for 45 min. After incubation, non-adherent T. vaginalis were removed by rinsing each well three times with warmed PBS (Martinotti et al., 1986) . The contents of each well were then digested with 0-5 ml 01 M-NaOH for 30 min on a rotator. The digest was neutralized with HC1 and transferred to vials; scintillation fluid was added and radioactivity measured in a liquid scintillation counter (Sugarman & Epps, 1982) .
Chemotaxis assay. Radiolabelled T. vaginalis were washed in PBS, resuspended in 0-5 ml medium to a concentration of 1 x 10 5 cells ml -1 , and placed in the bottom of a 24-well Transwell plate (Costar). A 0-45 μπι, porosity membrane filter insert was placed on top of the T. vaginalis suspension and 0-5 ml medium was placed on top of the membranes. Chemoattractant test substances were added to the bottom medium, the top medium, or not at all (controls). After incubation at 36 °C for 1 h, during which migrating T. vaginalis were trapped in the filter, the membrane insert was removed, inverted and any excess fluid was removed by blotting with filter paper. The membranes were removed from the inserts and solubilized with 0-5 ml 0-5 M-Protosol (DuPont, NEN Research Products); scintillation fluid was added and radioactivity was measured in a liquid scintillation counter.
Data conversion and statistical analysis. Duplicate experiments were always done with known quantities of T. vaginalis counted in a liquid scintillation counter to allow conversion of c.p.m. values to number of trichomonads. All assays were done at least six times and data analysed with (non-parametric) Wilcoxon signed rank tests.
RESULTS AND DISCUSSION
Growth of T. vaginalis
Numerous isolates of T. vaginalis were incubated with hormones and the growth of the organisms was measured. Only the oestrogens had a significant, inhibitory, effect on growth. Results for three isolates are shown in Table 1 . Growth inhibition was maximal after 2-3 d incubation with oestrogens at 1-2 ng ml -1 (3·7-7·4 χ 10~9 M). The specificity of this effect was verified by its concentration dependency: no effect on growth was noted with concentrations of oestradiol less than 2-8 x 10~1 0 M, but above this value growth inhibition increased with oestradiol concentration up to 3-7xl0~8M; higher concentrations produced no further diminution of growth. Further, the anti-oestrogen tamoxifen had no effect on the growth of the T. vaginalis isolates at concentrations of up to 100 ng ml -1 ; however, at 1 ng ml" 1 it completely blocked the growth inhibition that occurred in the presence of oestrogens (Table 2) . Earlier studies with oestrone (Christow, 1971 ) and with 17a-and 17/?-oestradiol (Martinotti & Savoia, 1985) reported no effect on growth (oestrone) and increased growth (about 50%) (oestradiol) after hormone exposure. Because these studies used single isolates, and different incubation media and conditions, the results are not strictly comparable. The reported increased growth after oestradiol exposure (Martinotti & Savoia, 1985) occurred at 20 h incubation and was not None (PBS control) 1 *4 f 0.7 1 -4 f 0.6 1.7 f 1.2 17f?-Oestradiol (1 ng ml-I) 0.8 f 0.5* 0.9 f 0*5* 1.3 f 1.2* Oestriol (1 ng ml-I) 0.9 f 0*6* 1.1 f0.4
1.5 f 1.6 Hydrocortisone (0.4 pg ml-I) 1.2 f 1.1 1.0 f 0.9 1.6 f 0.9 Prednisolone (1 pg ml-I) 1.2 f 0.9 1.1 f 0 . 7 1.6 f 1.7 Progesterone (20 ng ml-I) 1.2 & 0.9 1 -0 f 0.7
1.6 f 1.5
Testosterone (20 ng ml-I) apparent after 28 h of oestrogen exposure. We consistently noted no effect on growth until 2-3 d of incubation for any of numerous isolates tested.
Exposure to oestrogens during growth had no effect on the morphology and motility of trichomonads as observed by 1000 x phase-contrast light microscopy. Scanning electron microscopy of glutaraldehyde-fixed trichomonads similarly failed to show any morphological effects of 3 d exposure to oestrogen (data not shown).
Adherence of T. vaginalis
The adherence of radiolabelled trichomonads to cultured mammalian cells was maximal after 30-45 min incubation with a ratio of trichomonads to mammalian cells of 10: 1 (data not shown); therefore, these conditions were used for the remainder of the reported experiments.
Incubation of the trichomonads with oestradiol or oestriol at 1 ng ml-l (3.7 and 3-5 x M, respectively) for 1 h prior to incubation with mammalian receptor cells was associated with a statistically significant decrease in adherence to fibroblastic McCoy cells and epithelioid HeLa cells. Other hormones had no such effect (Table 3 ). Momentary exposure of the trichomonads to oestrogens was not associated with decreased attachment (Table 2 ) and more prolonged (up to 4 h) incubation of trichomonads with oestrogens prior to adherence was not associated with further decreases in attachment compared with 1 h incubation (data not shown). The anti-* Significantly different from control (P < 0.05).
Test solution placed above filter. $ Test solution placed below filter. oestrogen tamoxifen incubated with trichomonads at concentrations up to 100 ng ml-l for 1 h did not alter subsequent adherence; however, addition of tamoxifen with oestrogens in the incubation medium negated subsequent effects of oestradiol (Table 2) . Analogous results were obtained with McCoy or HeLa cells as receptor cells (Table 3) .
Modest increases in the subsequent adherence of many bacteria to mammalian cells have been reported after overnight exposure of the mammalian cells to oestrogens (Sugarman & Epps, 1982; Sugarman & Agbor, 1986) . Martinotti et al. (1986) showed that in vitro attachment of one strain of T. vaginalis to cultured epithelioid cells was moderately increased if the receptor cells were exposed to certain oestrogens for 18 h prior to exposure to the trichomonads. We repeated this experiment with our assay system and also noted a modest (mean = 12%) increase in attachment after 18 h incubation of the receptor cells with oestrogens; but no increase was found with 1 h incubation. This verifies an effect of oestrogens on T. vaginalis infection caused by oestrogen-mammalian cell interactions.
Chemotaxis of T. vaginalis
The use of a membrane filter separating media with trichomonads on one side and various media components on each side allowed the assay of chemoattraction as well as chemorepulsion. Random migration was assayed with the same medium on both sides. The chemotaxis of trichomonads towards nutrients was verified by the increased movement (and subsequent membrane filter trapping) of organisms towards nutrient medium away from PBS (data not shown).
Using this assay system, the organisms moved away from their area of containment if supplemental oestrogens were present in the incubation medium, and more were trapped in the membrane filter than for control medium (Table 4) . Similarly, if supplemental oestrogens were present in the medium on the other side of the filter, fewer organisms were trapped in the membrane filter than in control filters (chemorepulsion). Testosterone caused no chemotactic response (Table 4) .
Our results show that oestrogens directly inhibit the growth and adherence of T. vaginalis to mammalian cells, and that they act as chemorepellents. These findings might suggest that exposure to oestrogens would reduce susceptibility to T. vaginalis infection. This contrasts with other studies that have demonstrated that prolonged exposure of mammals or mammalian cells to oestrogens may increase susceptibility to T. vaginalis infection.
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